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1 Scientific issues

(a) The Brcwe'r-l)obso_t circulation: trol)ical upwellirt 9

The paradignl ot' the "extratrol)ical wave pump" (_mnot explain tile ob-

selared pattern of tropical upwelling, because of the need for mean (residual)

flow across the deep t_ropics. Such tlow r(xluir(_s either that there is enough

wave pumping within _he tropi(:s to support flow across angular momentum

surfaces there, or (as in the troposl)hcric IIadley cell) that the flow- whether

driven by extratropical wave tromping or by local thermal tbr(-ing is nonlin-

ear enough to expel al|gallal' Inolntntt,llnl gT,ulicnts frolll the tropics. In a 2[)

model of the resl)onse of the stl'atOsl)hcre to st)t×:ilied wave drag, we lkmnd

that a ret_sonable meridional circulation resulted, tm)vidcd the wave drag

reached sullicient b' close t,o the equator. In the upper stratosphere, the flow

was found to be nonlinear; in the lower strat(_sphere, however, the response

was linear and dependent on the weak but, inevitable model viscr_sity. Adding

thermal driving made the circulation more realistic, but thermal driving alone

could not explain the distribution and magnitude of the obselwed upwelling.

The dependence on unrealistic model viscosity is unsatisfactory, but may

indicate the need for i_t sit,u wave stresses within the tropics to explain the

obsela:od behavior. This work is d(_cribed in Plumb and Eluszkiewicz (1999).

(b) Mizing into l.h_: polar vo_'tic_:,s

The evolution ol" tracer-tracer relat, ionshil>s within the polar vort, ices dm'-

ing winter have been used to isolate non-transport eft_cts such as ozone loss,



on the gToundsthat transport clfi'cts arc diminated by using a standard
tracer (usually N20 or CtI,t) _s a cooMinate, tlowevcr, obsclwations(e.g.,
Michelsonet al. [1998a,b;1999])alsoshowevolutionof relationshipsbetween
tracers that have no know,l chcnfical lossprocesses.In fact, the (often im-
plicit) assumptionthat transport cannotchangetheserelationshipsiswrong:
while advection cannot do so directly (since both nfixing ratios are preserved

under advection), mixing (which is usually consequent, on advective stin'ing)

will change the relationship wherever the tracer-tracer curve is nonlinem'.

Using both 2I) and 3D model results wc show(_l [Plumb et al., 2000] that the

obsmwcd changes in conserved tracer-tracer relationships can be explained

in this way, and that t,hc ol)scrvat,ions imply that VOl't,(_x air ill the lower

stratosphere is almost, lint not quit, c, isolated from midlatitudc air in late

winter, prior to vortex t)reak(town.

(c) The latitudinal sla'uct'wr(: of "(,go" i lt the: stratosphere

"Mean age" has proven usehfl as a (tiag_lc_stic of strat(xspheric transport,

and kS a benchmark for assessing the simulation of transport processes in

stratospheric models (e.9. , see the "Models and Me_urements II" report).

In a conceptual "leaky pipe" model of the stratosphere (and motivated by

some model results) we investigated the meridional structure of mean age,

particularly the gross trolfics-to-midlatitude gTadient [Neu and Phunb, i999].

We found (in ago'cement witl, results from inorc (:Oml)lcte models) that, in

the realistic limit of negligil)h' VCl't,ical ((tiabatic) dilfusion, this gradient is

independent of the rate of mixing across the subtropics and is, in Net, de-

pendent only on the st,rcngl,}l of t,]lc nlcan circulation. This l,;sult appears

counterintuitive: at tirst sight, oim' might expect incre_sed mixing to reduce

the gl"_uztient. Ilowcver, tropical air is the source of midlatitude air, and so,

while increased mixing increases the age of tropk'al air, midlatitude age in-

creases in consequen('eby the same alnollnt, h3aving the gradient unchanged.

(d) The subtrvl_icrtl "tracer edges'"

It is now well knowl_ that tr_u:er structures in I,hcst, l'at, osl)llcrc exhibit a

well marked "edge" ill both winter and summer subtrolfi('s , at which strong

gradients separate tropical ti'om lnidlatitudc mixing ratios. \Vc have docn-

mented, h-onl ot)scrvations, l lu,. sc_usonal evolution of tllcsc' c([ges throughout

the stratcxspherc, an(I (tcscrilmd thc dynmnics of their formation and evo-

lution. In the analysis of observations, tracer probability density functions

(PDFs) werc constructed h'om the 7 months of CLAES N20 data and from 6

years of HALOE CH4 data . The locations of the subtropical gr_tients were



determinedfl'om the location (i.e., the latitudinal support) of tile minima in
the PDF. Resultsshowthese,_sonalvariation to be lairly straightfolavard. In
early winter, tile edgemovesequatolwaM with the onsetof westerlies,which
appearsto be a direct consequenceof erosionby breaking Rassbywavesin
the surf zone. l)uring mid-to-late winter, the edgeremains ,almost static;

in summer, it drifts poleward and becomes less sharp, but is maintained

throughout the summm'. Model studies have shown the location of the sum-

mer edge to be determined by diabatic effects. This work, which xv_s done

in collaboration with l)r L3"ml Sparling at NASA/(ISI"C, form¢xl the b_sis

of Jessica Nen's Ph. 1). th(_is. A description of the observa(Jonal work is

submitted for tmblication [Neu et al., 2001], and a 1)apt:r on the modeling
work will bc submitted in tim' near till, m'e.

(e) 7'r'anspor't i'n the lower tropo.s'tlhcr'c

In the extratropical tropospheric interior, material is transported quasi-

horizontally by synoptic scale eddies, although moist processes (including

convection) introduce complexities beyond simple mixing along (dry) isen-

tropic surfaces. Near the surlime, however, a distinct mode of transport

oecms. As a limdamental part of tile baroelinic instability process, cold

air surges cquatorward near the sm'fat:e (in synoptic structm'(_ known as

"cold air outbreaks"), m_(tcrcu(,ting overlying warm air. Nem-sm'face dia-

batic processes inevitably act, to warm i,his cold air, thus permitting crass-

isentropic, equatorward flow. 'l'hc" dynamics of this process, discussed by

Held and Schneider [1999], ensure that this flow is contained within tile ",sur-

face layer", comprised of isentrol)ic sin-faces that somewhere intersect tile

surface. This may be the most important mode of diabatic transport in the

extratropical trot)ost)hcrc. _re have rmi several simulations of tracer trans-

port in an idealized GCM (see Fig. ??, below). \Vc are currently analyzing

these experiments, using a n()vel coordinal,c system we have devised to deal

with the otherwise tricky smlitcc lzg'cr. 'l'his work, which was supported in

part by this gwant, comprises Tic'h Yong K(>h's lq_. 1). thesis; a paper de-

scribing the main ])o(ly of l,hc work will ])c submitl, ed for l)ubli(:a_ion in the
near flltm'e.

(f) _'acer modeling &wing SOLVE,

Prior to and during the SOLVE campaign, we ran tracer experiments

with the three-dimensional "MATCII" CTM, driven with the NASA DAO

assimilated winds and teml)era(au'es. Winds and tempelatures for the pe-

riod 980901-990831 were rccy('le(t for 10 3'em_ to set, up a climatological



state appropriate fOl" 990901; subsequently, the model \v_s run through the

SOLVE winter (through 000331) using contemporaneous winds and temper-

atures. Trace1_ run were CO2 (using an historical time series for surface

CO2 extrapolated after mid-1999); CFC-11, NOy, N20, and age. Sources

and sink rates for CFC-11, N20 and NO_ were specified fi'om output fi'om

a two-dimensional model (no sedimentation of NOy wa.s included). For the

most part, tracer structures Oil isentl'opic surfaces were qualitatively con-

sistent with those obselwcd. Ilowever, the dynmnic range of t.racer mixing

ratios at ER2 al_il, udes in _trl 3" winl, er w_Ls much le,ss l,han o}_sc_,(xt: within

the vortex, the model has (marg'inally) inadequate d(_cent of tracer isopleths

at this time. Ilowcvcr, later in I,hc winter ag_'eelnent between model and ob-

selwations is vcly good. \_i', have mmlyz¢M many _spects of the model results

during this period, focusing on the diabatic and tracer isopleth descent, and

on mixing between vortex and midlal;itudc air. This work is described in

Plumb et al. [2001].

(9) 3D modding 4' "7/.:a)_ _q]c'"

Using the 31) CTM de_crib(:d above, we have run several experiments sim-

ulating mean age in the stxatosl)hcrc' and lll¢_OSl)Ilel'C , in order to investigate

the sensiCivit, y of the simulat,i_m to mo&'l characteristics. 'l'hc simulation of

age ha.s been shown t,o be a valid anal useful t,est, of a model's simulation

of st,'atospheric tracer transport,. We have run the CTM driven by tLssim-

ilated win&s, and by winds fl'om a GC'M, with both senfi-Lag_'ang_ian and

the newer "spitlire" advection scheme. While some differences were found,

all simulations were similar; in particular, they all understate mean age by

about 2 years in high altitudas and latitudes, relative to values determined

fl'om obse,_ations of CO,2 and SI"_;. 'l'hc discrepancies betwcxm model and

observation are evident, in the t,ropics mM l)ermeatc tim entire region. The

probleln could be excessive trotfical Ul)welling , or excc'ssive vert3cal diftitsion.

In a collaborative project_ witch !)1' Nal,;die Mahowald (U(J Santa ]{arl>ara),

flmded from or, her sources, we are developing an iscnm)pic cooMinate version

of this CTM. It is hoped I,hat, dfis version of the model will reduce artitMal

vertical (dial)ark:) diffusion arising fl'om the grid structure.

(i) Models and Alc_a_'_tr(:'utcnls II

The PI participated as a,l organizer of the "Models and Me_su,'ements II"

exercise, taking a k'ad rok_' in the plamfing of transport experiments. He also

participated a.s a member of the working gl'oup 1_×1 l_y l)r Tim IIall, which

analyz(×l the transl)ort. CXl)(:ril_('_lrs. lh_sull,s of this cxcrcis(, were included
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in the Models and l_'Ieasurenlenl,sII rcl)Ol't, [l)m'k ct al., 1999] mM ilt Hall et

_a. [19991.

2 Education

Two graduate students (T.-Y. Koh and J. L. Non) supported by the project

completed their Ph. D. during this period.
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